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ABSTRACT Hepafltw C virus (HCV) |a the most Impor- 
tant cdologlc agent of mm- A, Don*IB heQieitttis and b a m^or 
cause of chronic Uver diise^ and hepstocdlalar cardnoma. 
Dcvdapment of aa effective vaccine would be the BKWt practicfiJ 
mettiod for preventioD of the InTectioD, but ^etha: tufoctioo 
with HCV elidts protective Inmmiuty in the host is uiactear. 
Neutralbatkm of HCV /i? viiro wm ftttempted with ijilasma of a 
chronically infected pattent* and tho residual infectiv^^ 
evalnated by imraflatton 

The source <^HCV wm plaama obtained firont a patient douing 
the acute phase of posttransftuion nosk-Ay noD-B Diepatltia, 
wiach had prevlou^y been titered for infecUvtty in dltbi^an- 
zees. NeutTBlizatlon was acbiered wlith plasma ot>taqned fir«nu 
the same patient 2 yr afiter the onset of primary hifectioiD but 
not with plasma obtained 11 yr later> altfaongb both plasmas 
contained antibodies agsinst nonstructural and structural (in- 
clndlns envelope) HCV proteins* Amfymn nf eaqueutial vird 
Isolates from the oame patient reveal©! sigoificanl genetic 
dirergence as early as 2 yr after in^i&cdo&L Hovevert tike SICV 
recovered trom the patient 2 yr after the infection had a strlldng 
sequence stmiHarity with the HCV recovered &om one of the 
chhnpanzees Inoculated with the acute-phase vbixs, sug^B^ting 
that the progenltcM* of the new strain vtqs already present I yr 
eariier. This evidence, togetbeir with tbe difilterent eeqneaces of 
HCV recovered from the chhnpansces (that receh^ the same 
ipocvhnn, conflnns that HCV is present in vivo as a qoasispe- 
cles. These resnhs provide esperimental evidence is i^'vn that 
HCV^ infection' cHdbis' a' ifteistrallzi^ in 
humans but suggest that such antfbodles are Isolate-specif 
Thb result raises concerns for the development of a broatUy 
reactive vaccine agalttst HCV . 

Hepatitis C vim* (HCV) is the most important cause of 
posttransfusion and community-acquired non-A, non-B hep- 
atitis (1, 2). It is a recently discovered KNA virus that has 
been classified within the Flaviviridae family (3). Infection 
with HCV is a serious public heaitib problem because it is a 
m^or cause of chronic hepatitis, cirrhosis, and hepatocellu- 
lar carcinoma (4, 5). Chronic hepatitis C develops in >509&of 
acutely infected individuals {€), Th^s^ epidemblogic and 
clinical features Indicate that control of HCV infection de- 
mands efifectivc prevention strategies, preferably the devel- 
opment of a broadly reactive vacdne- In recent years, 
however, concerns have been raised about the degree of 
protective immunity eiidted by HCV infection in the host (7). 
Id addition to the high rate of progressioo to cbrcmicity <6), 
chronic hepatitis C was found to be associated with contin- 
uous viral replication (8), which suggests that, in most 
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patients, the immune response fails to mediate resolution of 
the infcctioo. Further concerns cmcnged from the rcanalystt 
of a series of cross-challenge experiments in chimpanzees (9, 
10, which demonstrated that reinfection with cither homol- 
ogous or heterologous strains of HCV can occur. Moreover, 
such reinfections wer« sometimes associated with the devcl- 
opment of chronic HCV infection. SimUar evidence has been 
obtained recently in j&-thalassemic children (11), 

Scvcr^ hypotheses may account for the apparent lack of 
protective unmunity to HCV. These involve the role of host 
factors, such as the inability to mount a protective immune 
response against HCV, and viral factors, such as the remark- 
able degree of genetic heterogeneity of the viriis (12-15). 
HCV, like other FNA viruses, mutates rapidly (16, 17), 
leading to the simultaneous coexistence of multiple geno- 
types in the same individual (J?) (quasispecics) and, possibly, 
to the generation of oeutraliration escape mutants (19). 

To address the question of whether protective immunity is 
elicited by HCV infection, we investigated whether infection 
with HCV can elicit a neutraliring antibody respotxse in the 
natural host. JFor tibis purpose, we have attempted to neu' 
tiahze HCV in vitro witii scnim from a chronically infected 
indi^^ual (8, 20) and then to test for residual infectivity by 
i.v. inoculation of seronegative chimpanzees. As a potential 
source of neutralizing antibodies, we chose plasma from a 
patient with chronic HCV infection (8) because previous 
studies showed that acute self-limited HCV uifectioa, in both 
chimpanzees (9, 10, 21) and humans (U), does not confer 
protective immunity, even against reinfection with the ho- 
mologous virus. Moreover, recent experiments with human 
immunodeficiency vims (HIV) have documented that pro- 
tection of a naive chimpanzee could be achieved by in vitro 
neutralization of HIV with serum from a chimpanzee chron- 
ically inf^ted with HIV (22). 

MATESOALS AND METHODS 
Amtl-HCV Testtng. Antibodies to HCV (anti-HCV) were 
determined in the human plasmas from patient H with a 
commerctally available second-generation ELJSA (Ortho 
D^ostic). In addhion, antibodies to six target sequences 
derived from the structural [nucleocapsid, envelope 1 (El)] 
and nonstructural (NS) regions (NS3, NS4, and NS5) of the 
prototype HCV-1 were measured by David Chien (Chiron) 
using a strip iramunoblot assay (RIBA TM; Chiron), as 
described (23). Antibodies to the putative second envelope 
(E2) protein, formerly called NSl, were measured against a 
protein expressed in Chinese hamster ovary {CHO) cells. 



Abbreviations: HCV, hepatitis C virus; El and E2, envelop 1 «nd 
2; CIDjo, 5096 chiinpanzce fatfectious doses; ALT, alanme ami- 
notransferBsc; HIV, human iromunodcficicncy virus; NS, nonstruc- 
tuial. 
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Antibodies against structural and NS proteins of HCV waj 
assayed in chimpanzee sera with sftcond-gcncration ELISA 
(manuj^tured by Ortho Diagnostic or by Abbott) on »erum 
samples obtained weekly for 6 mo after inoculauon. 

PGR. The PGR was done as a two-step reaction (8) with 
two sets of nested primers^ one derived from the fourth NS 
(NS4) gene region (24) and the other from the El/^ re^OT 
of the HCV genome (10). Total RNA was extracted from 100 
/J of the serum or plasma sample by the guaniduwum- 
phend-chloroform method, as reported (8). 

IMr«cl DNA SeqiiBnciii$. Selected sairgples obtained from 
each chimpanzee CPan troglodytes) 2 and 3 weeks after 
inoculation were subjected to RNA extraction, and this RNA 
was reverse-transcribed and amplified with a set of primers 
that span part of the E1/E2 regions of the HCV genome (10). 
The PGR products amplified from the E2 region of the HCV 
genome were purified by GeneQcan (Bio Wl) and sequenced 
by the dideoxynucleotide chain-termination method with 
phage T7 DNA polymerase (Scqwenase; United States Bio- 
chemical), as described (25). This rc^on contains a hyper- 
variable region that can be used to distinguish individual viral 
isolates (26« 27). were analyzed with gekaugn (28) for 
multiple sequence alignment and cx-ustal (29) for dendro- 
gram coDstructlon. 

Source of HCV. The vinw stock of HCV used for challenge 
was derived from a plasmapheresis unit obtained during the 
early-acute phase of posttransfusion hepatitis (on July 12, 
1977) from a patient (H) who underwent open-heart surgery 
(20). This plasma, designated H77, contained 10^*' 50% chim- 
panzee infectious doses (ClDsal of HCV par ml, as shown by 
titration in chimpanzee* (ref. 30; R.H.P., unpubUshed data). 

Source of Antibodies for NnitraUsatSon. Two plasma sam- 
ples were used as potential sources of neutralizing antibodies. 
The first was plasma collected from patient H on August 1, 
1990, 13 yr after the acute hepatitis, when he was chronically 
infected with HCV (8). During this interval, virus replication 
could be documented repeatedly by the detection of HCV 
RNA in semm by the PGR (8), Ilus plaama, designated H90. 
was positive for antibodies to the rmcleocapstd (core), £1, 
E2, NS3, NS4, and NS5 proteins of HCV. The second plasma 
used as a source of potential neutralizing anttbodies was a 
plHsmapheresis unit obtained from patient H on April 16, 
1979, 2 yr after the onset of primary mfection (20), This 
plasma, designated H79t had delectable HCV RNA and was 
posiUve for anUbodies to core. EJ. E2. NS3, NS4, and NS5. 
It was chosen because it was available in sufficient quantity, 
was positive for andenvelope antibodies at high titers, and 
was shown to inhibit replication of HCV in studies of viral 
propagation in cell culture (31). Plasma from a normal blood 
donor, negative for aU antibodies to HCV, whose blood 
repeatedly faQed to transmit hepatitis after transfhsion 
(H.J.A,, unpublished data) was used as a negative control. 
/ In Vttro NentraUzadcHB Test The neutralization test used 
was similar to that used by Emini ct al. (22) with some 
modifications* Each plasma was diluted 1:3 Id phosphate- 
buffered saline (PBS)» pH 7.4, and then hcat-inactivatcd at 
5€^C for 30 min before use. Otie vial of a dilution Qn fetal 
bovine serum) of the challenge virus containing 3200 CIRso 
was further diluted 1;5 m ice-cold PBS, pH 7,4, and then two 
additional 1:10 dilutions were made in cold FBS/209& fetal 
bovine serum to yield samples containing 640, 64, and 6.4 
CEDso, respectively. The m vitro neutralization test was done 
by mixing the virus inoculum (1 ml) with one of the inacti- 
vated plasmas (1 ml). The virus/plasma miTttures were incu- 
bated overnight at 4*^. Each mixture (2 ml) was then inoc- 
ulated into one seronegative chimpanzee (Table 1). 

CbhnpanTees. A total of el^t ehimpanTces were included 
in tills study. The anitnals were caged individually and 
maintained under conditions that met all relevant require- 
ments for the use of primates in an approved facility. Nbne- 
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erf the eight chimpattzees had sighs of active or past HCV 
infection; as measured by PCR and antibody tesung. At the 
time of the study, all chimpanzees were negative for hepatitis 
B Bur^ antigen and had normal senmi levels of hepatic 
enzymes. Scrum HCV RNA was determined in serial serum 
samples obtained at intervals of 1, 2, or 4 weeks, dunng an 
observation period of 24 weeks after the vims chaUcnge. 

RESULTS AND DISCUSSION 
Four animals were included in the first neutralization exper- 
imem XTable 1). Two of them (87A02 and 1384) were mocu- 
lated with 640 and 64 Cn>30. respectively, mixed with the H90 
plasma at a final dihition of 1:10, and two animals (1434 and 
1451) were inoculated with 64 and 6.4 CEDjo, respectively, 
mixed witii the negative connrol plasma. The latter two chim- 
panzees served as controls (rf^the neutralizatipn step and a^ an 
intOTial tftratioil of the vims dose. AD Tour chimpanzees 
developed classical hepatitis C after inoculation (Fig. 
regardless of the plasma used for neutralization (Table 1). 
Serum HCV RNA was first detected within J week after 
inoculation in three animals and within 2 weeks in the fourth 
animal (1451). In the two animals (87A02, 15S4) inoculated 
with 640 and 64 CID50 of HCV, respectively, mixed witii the 
H90 plasma, ALT levels were considerably lower than in the 
two control animals (1434 and 1451) (Fig. lA). Cfaimpaiwee 
87A02 did not develop antibody seroconversion, and the 
infection did not become chronic (Fig. lA). In contrast, 
sartibodics to HCV, as measured by second-generation assay, 
were detected in tiie rcmamidg three atjlmals (1384, 1434, arid 
1451), and in these three ammals, the infection became chronic 
(Fig. lA). Coded liver biopsy specimens £rom all four animals 
wei« analyzed (Fig. lA)* Even tiiough the ojagnitude of ALT 
elevation varied considerably in experimental and control 
chimpanzees, the severity of the histologic nccroiriflammatory 
changes was virtually the same to all tt^ected animals. 

To prove that the HCV recovered from the chaHenged 
animals was derived from the virus stock used for the 
challenge (H77) and not from U>e virus presem in the heat- 
inactivated plasma (HW used as a potential source d 
neutralizing antibodies, sequence analysis of a portion of the 
E1/E2 region of the HCV genome was done on selected 
samples recovered from the chimpanzees 2 and 3 weeks after 
inoculation. The nucleotide sequences of the hypervariable 
region in the E2 gene of HCV recovered after challenge in the 
four ar^mals axe shown in Fxg. 2. In chimpanzees 87A02 and 
1384, inoculated with the H77 virus mixed with heat- 
inactivated H?0 plasma^ the virus recovered 2 weeks after 
challenge was derived from H77 and not from H90, on the 
basts of the analysts of 469 nt Including the bypervariable 
region of E2 (Table 2 and Fig. 2). 

The failure of the chronic-phase plasma (H90) to neutraliec 
HCV m the acute-phase plasma (H77) could be cxpUincd by 
the Mure of the host to produce neutralizing antit>odie5. 



Table 1. Neutfauzatlofl experiments 



Inoculum 


Chimpanzte 


Virus, 


ADtisonim 


number 


number 




CCinal cone.) 


Exp. A 






H90 plasma (1:10) 


1 


67A02 


640 


2 


13$4 


64 


H90plwmaa:10) 


3 


1434 


64 


Nomal plasma (1:10) 


4 


1451 


6.4 


Normal plasxrui (1:10) 


Exp. B 






H79 plasma a;10) 


5 


1442 


64 


6 


1484 




H79 plasma (1:10) 


7 


im 


64 


Nonnal plasma (1:10) 


8 


1443 


6.4 


Nonnal plasma (1:10) 



The table uuUcBtcB the viniv an4 antlsera used w the attempt to 
neutralize HCV in vUro. cono.. Concentration. 
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Alternativdy, we caxi postulate that the neutraliziiig aotibod- 
ies were produced but lost over time or that the neutralizllis 
ability of such antibodies was isoiate-restricted. That the 
neutralizing antibodies nsBy have changed in response to the 
genetic variability of the virus is 6uppc»ted by the remarkable 
sequence variatioA of the H strain of HCV over 13 yr of 
chronic infection (16). Comparison of the nucleotide se- 
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Rq. 1. Course Of HCV wfeo- 
tio0 m chimpattzees after epti- 
body-mcdiated in vitro neutxaHza- 
tlQB. KeutiaSiz&ticm of HCV was 
Bttemfrt^ with heat-inactivated 
jdasm&firam the same patient dm^ 
the iate-chrpnic phase (strain 
HSO). 13 yr after the initial infcc- 
tioD {A)f or durins the early- 
chronic phase [sfarani 2 yr 
after the initial infcctjon tap- 
per Birtrws fauUcate time of chal- 
lenge. The gray areas indicate the 
values of scnnn ALT. Normal 
ALT vahtes In dumpanxetfi ran^ 
between 6 and 38 uiutfi (U)/Hter. 
Open bars {□} indicate ncsalivc 
results for serum HCV SNA by 
PGR; solid bars (a) indicate posi- 
tive results. The hotieont&l bar 
iotficates the lime duxins which 
semm was positive for antibodies 
to HCV, as detected by second* 
se&eratbn £LISA assay. Liver 
pathology; tbe bwer arrows Imli- 
cate the tune and thti TentHts — 
ftcote bepatitia (AH)— c^liver hi- 
apaiea. 



quences of H77 and H90 strains demonstrated a sequence 
divergence (^2S.2% in a 39-nt domain that included part of 
the hypervariaUe region of the E2 protein (16). A high degree 
of heteiogGiieity in the hypervariable region was alr^dy 
detected as early as 2 yr after the immary infection (H79 
strain) (Hg. 7). This finding prompted us to undertalce a 
second neinraUzation experiments in which* as a source of 

1231 
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Fig. 2. Multiirfe nucleotide sequence aUgnment of 81 nt reptesentins the hyparvanahle the E2 b^, ''^'^^.^J^^^ 

1150-12^1 of theHCV senome (32). HTT-l and H77.2 (16) denote two independent a^uencca obh^ hi o^}^^"^^^^^^ J^^Z 
afH77, cottected from H on My 12, 1977; H79 denotes (he senate obtained ten Patent H on j^^^^^J^'^X^f^. 
nhaU; H^Odenotes the wTple Qtrtabed ten pa^ 
K 0btaii^2 weeks after ii^ 

Sertoo^tiab^mtben«pc«ivech^^ 

SfcctedwiUi undihited H77 (1^ C^Ww^i wA^^'^ ^ sequence coonparisoa; HCV-J denotes &e prototype HCV "i*^ 
^Tnrference. The rematohie sequence of tbe 4« ut spanmng map position 834-U23, which is not ^^J^^.^^^^ 
microbctcrogcneity wa* detected, tbe consarved nucleotide was used ftjr sequence coropanson. Pots indicate nocleotidc idcnnty with tnc H77-1 
sequence. 
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TaWeZ. Percentage nucleotide Bcqucmce ideattty of 12 HCV isolates 



H77-1 H77-2 H79 



H90 



C87AD2 a3S4 C1434 C1451 



C1441 Cim C1304HCV4 



H77-2 
H79 
H90 
C87A02 
C13S4 
CU34 
C1451 
C1441 
C1443 
01304 
HCV-l 



99.6 



95.5 
95.9 



93.4 
93.8 
95.7 



97.7 
97.7 
95J 
93.6 



96.8 
96.8 
94.5 
92.5 
98.9 



97J 
97.7 
95.7 
93.8 
99.6 
9S.S 



96.2 
96.6 
97.7 
94.0 
96.6 
95^ 
96.8 



98J 
98.9 
95.7 
93.0 
97.0 
96.6 
97.0 
96.4 



99.6 
99.4 
95.3 
93.2 
97.2 
96.4 
97.2 
95.9 
983 



98.9 
98.7 
95.5 
92.8 
97.0 
96.2 
97.0 
96^ 
98J 
98.9 



923 
92.8 
92.3 
90.8 
92J 
92.1 
92J 
9XJ 
92.3 
92.1 
911 



TUc percent^ kteotity was based on 469 at spam^ «m« pownons 854-13^ (32) of the El and E2 fiends, including 

the hyptrvnriable legion. The symbols for *e HCV isd«tos are the aame as thote described for F15. 2. 



potential neutralizing antibodies^ we used plasma obtained 
from padcot H 2 yr after the onset of primary infection (H79) 
(20). The neutralization protocol was csscntiaUy the same as 
that used in the first experiment. 

Four animals were included in the second neutralizBtion 
experiment (Table 1). One chimpanzee (J442) was inoculated 
with 64 mixed with the H79 plasma (at a final dilution 
of 1:10), two (14^1 and 1443) were inoculated with 64 and 6,4 
CIDso. respectively, mixed with the nefiative control plasma, 
and one was inocubted with heat-treated H79 plasma alone 
to monitor the adequacy of die inactivation step. The dinical 
course of HCV infection in the foiu* chimpanzees is shown Itk 
Fig. IB. We did not detect any vir<rfiogic. biochemical, or 
scrobsic evidence of HCV infection itt tibe animal (1442) 
inoculated with the H77 virus mixed with the inactivated H79 
plasma, indicating that the in vitro neutralization had abro- 
gated the HCV infectivity. Similarly, chimpanzee 1484, 
which received the itxactivated H79 plasma alcme, did not 
develop any virologic or biochemical si^Dts of HCV infection. 
Neither of the two animals developed antibodies against 
structural or NS proteins of HCV. In contrast, hepatitis C 
developed in the two animus (1441 and 1443) inoculated with 
the H77 virus mixed with the negative control plasma (Fig. 
1^. Viremia first appeared within 1 or 2 weeks after inoc- 
ulation and remained persistently detectable in one animal 
(1441) throughout the observation period. The two animals 
also developed biochemical evidence of hepatitis, and both 
seroconverted. The serum ALT levels in the two control 
animals (1441 and 1443) were considerably lower than those 
observed in the two control animals (1434 and 1451) of the 
previous experiment (Fig. 1^4), which received the same 
CID50 of virus challenge (T^le 1). 

A comparative sequence analysis between the virus used 
for the inocula and the virus^ recovered from the chimpan- 
zees was undertaken, The analysis, based 00 the sequence of 
469 nt comprising a portion of the El and E2 genes Gnduding 
the hypervariable region), demonstrated that none of the 
sequences recovered from the chimpanzees after the viral 
challenge was identical to the consensus sequence of the 
HCV strain used for iaoculatbn; the sequences differed firom 
each other at 2-^21 sites. In the two dKin^^anzees (87A02 and 
13M) that received the H77 virus mixed with the inactivated 
HSK> plasma, the viruses recovered 2 weelts after chaOei^e 
exhibited 11 and 15 nucleotide substitutions, respectively, 
when compared with the sequence of H77 virus used for 
challenge. Comparison of additional sequences from chim« 
panzecB 87AQ2 and 1384 3 weeks after inoculation (data not 
shown) showed 100% identity with the nucleotide sequences 
detected 1 week earlier (2 weeks after inoculation). These 
data suggest that the degree of heterogeneity within the 
hypervariable region of HCVs recovered from chimpanzees 
that received the same inoculum reflects the presence of a 



qoasispecies in the original H77 inoculum, rather than an 
exceedingly rapid mutation rate of the predominant HCV 
strain. In control animals* sequence comparison with the 
onginal infecting vims (K77) showed a degree of heteroge- 
neity that ranged from 2 to IS nucleotide substitutiona 
[chimpanzee 1434 had 11 nucleotide substitutions, chimpan- 
zee 1451 had 18 fiubstitutioiis, chimpanzee 1441 had 2 sub- 
stitutions, and chimpanzee 1443 had 7 substitutions, although 
none of tiiese 7 nucleotide substitutions was in the h3i>er- 
variaWe region (Fig. 2)]. It is interesting to note t hat, a lthough 
all animals received the same challenge virus (H77) at dif- 
ferent doses, the viral sequences recovered from the four 
control chimpanzees X week after the first appearance of 
viremia all differed (Table 2). Moreover, the virus recovered 
from chimpanzees given the same dose of challenge virus 
differed considerably, indicatins that the degree of hetm- 
geneity was not solely afTected by viral dose. The nucleotide 
sequences ctf an 81-nt region containing the hypervariable 
region of the diffemit HC3v isolates are shown in Fig. 2. A 
dendrogram of the genetic relatedness d the sequenced 
469-nt region of the HCV isolates studied is shown in Hg. 3. 
The nucleotide sequence similarities among the viruses re^ 
covered from the chimpanzees inoculated with HCTV (strain 
H77) tanged from 95.5 to 99,6%, whereas the nucleotide 
similarities with the HCV inoculum ranged from 96.2 to 
99.6% (Table 2), These data strongly suggest the existence of 
a quasispecies in the original inoculum, confirming previous 
observations in infected patients (1S)« 
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FXO. 3- Dendrogram of fieoettc rclatcdncBS of 12 HCV isolAtes, 
based ots nucleotide identity of 4^ et apanmng map positions 
854-1323 C32) derived from a portion of the El and E2 gcnca, 
inching the hypcrvMiaWe region. This dcxidn>gram was c«b 
Btnicted by the progt^ clvstai. (29), with a bmit of 25 sequences 
and a Qnp penalty of 0. The scale thawm& percenta^ identity was 
h&sed upon manual ealculadott. Symt>ol8 tor the HCV tBolatcB are the 
same as those of Pig. 2. 
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Our study provides expcrimcDtal evidence in vhfo that 
infection with HCV elicits a ncutraUzing antibody response 
that can prevent HCV inffection in chimpanzees, However^ 
neutralizinfi antibodies against the acwtc-phase virus (H77) 
were detected only during the cariy chronic phase, 2 yr after 
the initial infection, but not 11 yr later, suggcstinfi that HCV 
elicits ft restricted neutralizing antibody response. By anal- 
ysis of the HCV sequences recovered from chimpanzees 
inoculated with the acute-phase virus, we demonstrated that 
HCV circulates in vivo as ft qua&ispecies, as sufie^sted (13). 
In one chimpanzee inoculated with the acute-phase virus, we 
recovered a relatively divergent HCV genotype. Interest- 
iogly, this virus had a strikins sequence similarity to th^ 
recovered from patient H 2 yr after infection, sugeestiftg that 
the progenitor of the variant that emerged as the predominant 
strain 2 yr after the initial infection was already present 
during the acute phase. These data indicate that HCV, like 
other RN A viruses (34) , is not present in a patient as a singje 
virus species but as a population of multiple related variants. 
The coexbtence <^ a mixed viral population may lead to the 
rapid emergence of viruses that escape neutraUzaUon by the 
immune system; this could be a strategy whereby HCV 
evades the host*s immune surveillance and establishes per^ 
slstent infection in a hi^h proportion of infected individuals- 
Altbougb the principal neutralization determinant(s) of HCV 
stiU remains to be defined, multiple lines of evid^Ke (19, 35) 
suggest that it may correspond to the hypervariablc region 
contained in the £2 protein. The potential ini^rtance of this 
hypervariablc region is also underscored by the strong anal- 
ogy it shares with the V3 loop of HIV, which represents the 
princii^ neutralizing domain (36), Recently, Choo ei al. (37), 
using recombinant envelope proteins of HCV, reported suc- 
cessfid vaccination of chimpanzees against the homologous 
strain of HCV, but whether recombinant envelope proteins 
could protect agahlist challenge with a heterologous virus 
remains to be shown. A success^ vacdne must protect 
against multiple viral isolates. The extent to which cellular 
immunity operates in the mechanism of protective immunity 
against HCV, as recently proposed for HIV (38). is stitt 
undefined. Regardless of the mechanismu the high degree of 
genetic heterogeneity of HCV in vtVo, as manifested both by 
the generation of a viral quasispecies and by the continuous 
emergence of neutralization escape mutants, may represent 
an obstacle to the development of a broadly reactive vaccine 
for the control of HCV infection. 
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